ABSTRACT. We have investigated the effects of various types of collagen and a tumor-promoting phorbol ester on intercellular contacts and the organization of actin in human amnion epithelial FL cells and mouse fibroblast 3T3-A31 cells. Our purpose was to investigate how modulation of interactions between cells and the substratum leads to alterations in intercellular contacts and organization of actin filaments. When cells were cultured on dishes coated with a solution containing type I collagen, but not type IV, changes were induced in the morphology of FL cells and their intercellular contacts. Type I collagen also caused changes in the organization of their actin filaments, although no such effects were observed with 3T3-A31 cells. In contrast, 12-Otetradecanoylphorbol-13-acetate (TPA) caused morphological changes, dissociation of groups of cells, and reorganization of actin filaments in cultures of FL and 3T3-A31 cells. It also disrupted the sites of adhesion of FL cells to the substratum. Both type I collagen and TPA rapidly induced spreading of FL cells in the absence of serum. However, cis-hydroxyproline, known to inhibit secretion of collagen, did not suppress the TPA-induced dissociation of groups of FL cells. These results suggest that the interactions with type I collagen of epithelial FL cells, but not of fibroblastic 3T3-A31 cells, tend to disorganize cellular morphology, intercellular contacts, and actin filaments in ways similar to, but not directly related to, the effects of TPA.
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Collagen as substratum has been reported to influence the motility (28), proliferation (6, 34) , and differentiation (32) of various types of cell in culture through modulation of the interactions between the cells and the substratum. Recently, 12-O-tetradecanoylphorbol-13-acetate (TPA), a potent tumor-promoter, has also been reported to increase the adhesiveness of cells to the substratum (33) and to diminish the number of focal contacts (22). In addition, treatment with TPA modulates the motility, intercellular contacts (7, 31), proliferation, and differentiation of cells (4, 12, 21) . These observations suggest that the changes in the interactions between cells and the substratum induced by TPA and by collagen might modulate the proliferation and differentiation of the cells. There is also evidence which suggests the involvement of cell-substratum interactions in the regulation of proliferation and differentiation (8, 10) .
The spreading and morphology of cells, in so far as they are controlled by the interactions between the cells and the substratum, are closely related to the organization of the cytoskeleton, especially of the actin filaments (1, 5, 25) . Furthermore, transformation by viral infection or treatment with TPA also suppresses formation of focal contacts and of actin filaments (2, 20) . The organization of actin filaments, therefore, may play an important role in the control of the morphology and proliferation of cells.
It is likely that type I collagen modulates the organization of actin filaments. Epithelial cells usually attach to type IV collagen in vivo (14) , but not to type I collagen; the converse is true for fibroblasts. Epithelial cells only attach to type I collagen when the basement membrane is disrupted, for example during the process of wound healing. Repeated healing of a wound in the same location acts as a promoter of carcinogenesis (24). Interactions between epithelial cells and type I collagen could involve a promotion similar to that of TPA. In the present study, we compared the effects of type I collagen and TPA on two types of cultured cells, epithelial and fibroblastic cells, to investigate a possible relationship between the effects of these compounds on cellular morphology, intercellular contacts, and the organization of actin filaments.
MATERIALS AND METHODS
Cells and chemicals. The human amnion epithelial cell line FL and the mouse fibroblast cell line 3T3-A31 were cultured in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10 % calf serum. Preconfluent cultures were treated for 10 min with 0.25 % trypsin and 0.02 % EDTA solution in phosphate buffered saline to lift the cells from the substratum. For the experiments on spreading of cultured cells in the absence of calf serum, the cells were treated for 10 min with 0.02 % EDTA solution alone. Suspended cells were incubated in ordinary plastic petri dishes (diameter 35 mm), or on the same dishes coated with collagen.
Cellmatrix types I-A, II, III, and IV were purchased from Nitta Gelatin Co. Ltd. (Osaka, Japan). Cellmatrix type I (3 mg/ml) is a sterile solution of type I collagen extracted from pig tendon with diluted HCl and contains more than 95 % of type I collagen. Cellmatrix type II (3 mg/ml) is a type II collagen solution isolated from bovine cartilage with pepsin treatment and purified by NaCl precipitation. Cellmatrix type III (3 mg/ml) is a type III collagen solution extracted from pig skin with pepsin solution and then salted out. Cellmatrix type IV is a type IV collagen solution extracted from the anterior capsule of bovine lens with pepsin treatment and then salted out. Vitrogen 100 purchased from Collagen Corporation (Palo Alto, CA, USA) is a solution of pepsin-solubilized bovine dermal type I collagen dissolved in diluted HCl. Films of collagen were prepared by covering the surface of culture dishes with a solution of 3 mg/ml collagen; the films were then air-dried and washed 4 Interference-reflection microscopy. FL cells were cultured on glass coverslips. After treatment with the phorbol ester, the cells were fixed with 10 % formalin and mounted with glycerin on a glass slide. The cells were viewed under a Nikon microscope with epifluorescence.
RESULTS

When suspensions
of free cells were plated in the dishes coated with Cellmatrix type I-A and cultured for 4 days, FL cells formed colonies similar in size to the control colonies, as shown in Fig. la . However, the irregular shape of the colonies was obvious in cultures grown on Cellmatrix type I-A (Fig. 1b) . The border of each cell was indented and studded with minute cellular processes and the colonies had irregular contours, while the cells cultured on control culture dishes had smooth edges and formed colonies with regular shapes (Fig. 1a) . The lack of continuity of the groups of cells cultured on Cellmatrix type I-A is probably the result of a stretching out of each individual cell by forward spreading. This tendency is clearly seen in Fig. 3b . The morphology of some cells changed from the typical epithelial polygonal shape to a fibroblast-like spindle shape. Vitrogen 100 induced similar changes. The effects of different types of Cellmatrix on colony shape are summarized in Table 1 . When FL cells were cultured on various types of Cellmatrix for 4 days, Cellmatrix types I-A and II markedly increased the percentage of irregular colonies, and Cellmatrix type III moderately increased it. However, Cellmatrix type IV did not induce a marked increase in the percentage of irregular colonies. After FL cells had been cultured for 3 days on control culture dishes, addition of TPA for 24 h changed the morphology of FL cells to the fibroblast-like spindle shape. Dissociation of groups of cells, leading to the marked changes in colony shape, was also seen Fig. 2 . Time course of changes in colony shape of FL cells due to addition of TPA. After FL cells had been cultured on ordinary culture dishes for 3 days, 100 ng/ml TPA was added to the culture. The percentage of irregular colonies was determined by evaluating more than 100 colonies. Each point and vertical bar indicate mean and standard deviation. (Fig. lc) . The percentage of irregular colonies began to increase 7 h after the addition of TPA (Fig. 2) , but the irregularities were slight. Subsequently, both the irregularities and the percentage of irregular colonies increased with time.
Bundles of actin filaments in FL cells were observed around the cell periphery (Fig. 3a) . The bundles of actin filaments may serve to pull the edges of individual cells inwards to prevent forward spreading. In addition to the morphological changes in the FL cells, Cellmatrix type I-A as substratum caused a reorganization of actin filaments, which then appeared as patches of actin (Fig. 3b) cells underwent morphological changes and the disappearance of bundles of actin filaments after treatment for 24 h with TPA. However, some colonies did not show any marked changes in shape, even though bundles of actin filaments in the FL cells disappeared, and marked staining with rhodamin phalloidin was observed at intercellular junctions (Fig. 3c ).
In contrast with these results, the morphology of fibroblastic 3T3-A31 cells changed after treatment with TPA, but was not markedly altered by culturing on Cellmatrix type I-A. The bundles of actin filaments in 3T3-A31 cells appeared to be welldeveloped as stress fibers (Fig. 4a) . Treatment with TPA also caused aggregation of actin filaments into patches (Fig. 4c) . However, bundles of actin filaments in 3T3-A31 cells were still visible after growth on Cellmatrix type I-A (Fig. 4b) .
Interference-reflection microscopy revealed black spots adjacent to the cell edge of FL cells ; these spots were often arranged in a line along the cell margin (Fig . 5a) . Treatment with 100 ng/ml TPA for 24 h reduced their number and intensity (Fig.   Fig.  5 
DISCUSSION
Cellmatrix types I-A, H, III, and IV contain purified collagen types I, II, III, and IV, respectively. Cellmatrix type I and II induced marked changes in the colony shape of FL cells and Cellmatrix type III induced moderate changes in colony shape, whereas Cellmatrix type IV did not induce marked changes. Cellmatrix type I-A also induced changes in the organization of actin filaments of FL cells. Type I and III collagens are present in the connective tissue (13) and type IV collagen is present in basement membranes (14) . Since epithelial cells do not usually bind to type II collagen contained in the cartilage, and type III collagen did not induce marked changes in colony shape of FL cells, the interactions of epithelial cells with type I and IV collagens play an important role in the regulation of cell morphology and intercellular connections. The results obtained indicate that type I collagen, but TPA is known to modulate cellular morphology and the organization of actin filaments in various types of cell (20, 22) . In our present study, we found that TPA caused changes in cellular morphology, intercellular connections, and in the organization of actin filaments in both FL and 3T3-A31 cells. Although the effects on FL cells of TPA are similar to those of collagen, cis-hydroxyproline did not suppress the TPA-induced changes in FL cells. These results suggest that the action of TPA in FL cells is not mediated by the release of collagen.
Treatment with TPA caused changes in the organization of actin filaments in some FL cells, without accompaning changes in cell morphology (Fig. 3c) . The organization of actin filaments was changed 2 h after the addition of TPA (21), but colony shape began to change 7 h after it. These observations suggest that morphological changes and dissociation of groups of cells are associated with reorganization of actin filaments, but that these events are not directly caused by the changes in organization of actin filaments, and require some additional changes.
TPA has been shown to exert its action through binding to a receptor, which is thought to be protein kinase C, in the cell membrane (17). TPA is known to enhance the release of fibronectin from cells (3) and to disrupt focal contact (22). In FL cells, the profile of cell adhesion to the substratum, revealed by interference-reflection microscopy, was changed by the treatment with TPA. Collagen is known to act through interactions with binding sites on the basal surfaces of cells (15) . The area of focal contacts or binding sites for collagen is closely related to the organization of actin filaments (9, 25) . The existence of such binding sites on FL cells is suggested by the rapid attachment and spreading of FL cells over a layer of type I collagen in the absence of serum. These observations suggest that TPA and type I collagen modulate the interactions between the cells and the substratum, thus inducing rapid cell spreading and change in colony shape of FL cells. The nature of the interaction between cells and substratum and their modulations with TPA and type I collagen have not yet been clarified.
The changes of colony shape induced by growth on type I collagen were observed in cultures of FL cells, but not in cultures of 3T3-A31 cells, although both types of cell seem to have binding sites for collagen. In vivo, fibroblasts are able to grow on type I collagen (11, 23) . In contrast, epithelial cells bind to basement membranes, composed of type IV collagen (14), but do not normally bind to type I collagen. Fibroblastic 3T3-A31 cells cultured on type I collagen did not show any changes in their morphology or in the organization of actin filaments, even though collagen gel slightly modulates the distribution of actin in embryonic fibroblasts (30). FL cells derived from epithelial tissues underwent a morphological change and formed patches of actin filaments when grown on type I collagen but not on type IV collagen. It is postulated that the response to type I collagen is dependent on the type of cell cultured and that epithelial cells are able to distinguish the difference between type I and IV collagens.
Type I collagen enhances the motility of epithelial cells in addition to enhancing the dissociation of groups of cells (28). FL cells were able to spread rapidly on type I collagen. Laminin is responsible for epithelial spreading in the normal state in vivo (29), but in abnormal states, such as wound healing, fibronectin has also been shown to support spreading (27). Therefore, it is likely that these changes are responsible for the rapid covering of a wound by the epithelium.
However, interactions between cells and type I collagen may lead to disorganization of epithelial cells. TPA induces disorganization of intercellular aggregates of epidermal cells in vivo (19) and in cultures of epithelial cells (7) . Cellular organization of epithelial cells in vivo and in culture is believed to play a crucial role in the regulation of cellular proliferation and differentiation (16, 18), while the effect of cellular disorganization on these processes remains obscure. However, a frequently repeated wound in the same location is known to promote tumors (24). The cellular disorganization which results from the morphological changes, the dissociation of groups of cells and the reorganization of actin, is a result of growth on type I collagen. These changes are similar to the results of treatment with TPA. Thus, it is likely that these changes may contribute to the promotion of tumors. 
